Unless the skewing of radial distribution peaks is properly taken into account, diffraction analyses of gas molecules may lead to geometrically inconsistent arrays of internuclear distances. It is shown how to derive the required nonbonded skew parameter ii for a tetrahedral AX, molecule from its potential constants in the case of an ensemble distributed among too many vibrational states to make the standard perturbation or variation methods feasible. Elements of the transformation tensor relating curvilinear coordinates si to rectilinear coordinates Si are found and applied in a treatment using the "effective potential energy" approach of Miller. Illustrative calculations are carried out for hot CF, and SiF, molecules_ It is verified that the contributions to B from nonlinear transformations and from Morse stretching deduced by a simple model in Part III of this series are in reasonably good agreement with the more rigorous contributions calculated in this research. It is shown, however, that certain other contributions are larger.
INTRODUCTION
Electron diffraction studies of hot molecules [l] have revealed unexpectedly large asymmetries in the radial distribution functions of the geminal nonbonded distances. The pronounced skewing, opposite in sense to that naturally associated with the curvilinear bending trajectories, was traced to a strong contribution by bend-bend-bend cubic constants, a source of anharmonicity not easily characterized by spectroscopy [2] . What is most significant about this is the appealingly simple pattern of behavior of molecules that was discovered when potential surfaces for bending deformations were examined [3] . Because insufficient spectroscopic information had been available to test our hypothesis about the origin of the skewness, a mechanical model of repelling points-on-a-sphere (POS) 13-61 based on the valence-shellelectron-pair-repulsion (VSEPR) theory [ 7'1 was introduced to estimate magnitudes. When it proved reasonably successful in accounting for the diffraction observations [S] its implications were compared with those of molecular orbital theory. A remarkable parallel was found [3] . The insight to be gained by pursuing this lead warrant-s the development of a practical analysis relating the potential energy surfaces of molecules to their electron diffraction patterns. Therefore this problem is addressed in the following.
Prior averages only over a small number of states. It is prohibitive in studies of molecules sufficiently hot to manifest the bending anharmonicity conspicuously. Treatment (b) is dubious unless the temperature is high enough to make kT S hv. Such severe conditions suggest rapid thermal decomposition and amplitudes of vibration so large that the anharmonic potential energy may no longer be a small perturbation. A promising approach, retaining the simplicity of (b) but substantially improving its accuracy is to carry out averages over a Boltzmann distribution in an effective potential energy V =, suggested by Miller [12] and already applied to one dimensional anharmonic cases in electron diffraction by Spiridonov et al. [ 
Elements of the T tensor of eqns. (4) and (5), derived for tetrahedral Ax, molecules from considerations of geometry, are listed in Table 1 . Cubic force constant.s for these molecules corresponding to the KBFF recipe, including the stretch-stretch-stretch, stretch-stretch-bend, and stretchbend-bend interactions needed in the present calculations [23, 24] , are fill = -3aK/2 + 2F3/r, in the notation of ref. 9 . For the present purposes we use molecular orbital results for the bend-bend-bend constants f 212 and fier. It should be noted that sign conventions in the above equations conform to those of Shimanouchi 1251 and ref. 9 , rather than those of Cyvin [26] and Pulay et al. [22] .
Probability density and effective potential energy
Miller [12] has shown how to obtain a "better than classical" approximation for the Boltzmann density matrix by a path integral technique. From an effective potential energy V,,, g 'ven explicitly for a one-dimensional problem (eqn. (22) 
To simplify the problem further, we separate V,, into its harmonic and anharmonic components Vhf f and Vafa and write 
is the exact mean square amplitude for a wanturn harmonic oscillator whatever the temperature.
Moments and skew parameter
As outlined elsewhere [6] , the radial distribution function of an internuclear distance is specified, adequately enough to characterize its contribution to a diffraction pattern, by its first three moments. Let Q, qer and x represent the instantaneous X. --X distance, the equilibrium distance, and the displacement from equilibrium, respectively, in &. 
where coefficients ri are identified in eqn. (29) and Xrjk, vijk, and Silk' are listed in Table 2 . From the above moments can be calculated the desired distribution function parameters of eqns. (26)- (28) . These are related to diffraction intensities as illustrated in ref. 6 .
Explicit expressions for the effect of the interactions of greatest interest, the purely bending cubic constants f222 and f244, can be written simply if the conversion from V to Veif is not made in the anharmonic potential energy. Correcting inconsistencies in ref. 6 , we write for the bending contributions to the asymmetry constants 
2(s&))*/(6Zg4kT) (35)
For bending modes of hot molecules the corrections to V,,, are less cruciai than to stretching modes. If corrections are made, as seems desirable routinely, it is no longer attractive to work in terms of symmetry coordinates and expressions (29 j(33) are more appropriate.
ILLUSTRATIVE CALCULATIONS
Computations were carried out for illustrative purposes using the force fields of Clark and Rippon [273 for CF, and SiF, as if they were bona fide quadratic components of an anharmonic force field. Cubic constants for stretchstretch-stretch, stretch-stretch-bend, and stretch-bend-bend [3] . Differences between Set II and Set I may give a rough idea of uncertainties associated with force fields. Alternatively, a comparison between our anharmonic constants and those of Suzuki and Over-end [28] , derived for CF4 with a somewhat similar model, can be made in Table 3 .
Listed in Table 4 are mean displacements of nonbonded distances horn equilibrium (including ordinary "shrinkage" [26] , namely the foreshortening encountered via the nonlinear transformations [20] ). Also in Table 4 Table 4 . As forecast in ref. 6 , the skew parameter 6 is not strongly dependent upon temperature once a molecule is hot enough for the present treatment to be valid. This is illustrated in eSimple Boltzmann average over Correct harmonic probability density adopted. 
DISCUSSION
It is fair to ask whether the present considerations are fundamentally different from the "curvilinear effects" treated more simply by Gershikov et al. [29] and whether diffraction%% should be concerned about the asymmetry parameter, 8, in practical structure analyses. After all, few molecules can be as well characterized as the simple Td molecules treated in the foregoing and the treatment looks bothersome. General treatments of more compIex molecules would need even more intricate computations and some source of information on the relevant anharmonic potential constants. A few comments on the latter problem of feasibility are appropriate before addressing the first questions.
For simple molecules (e.g. AX4, AX6) a brief program for a microcomputer quickly carries out the necessary calculations. For more general molecules a modest extension of a program built around the L tensor of Hoy et al. [21] should suffice. Plausible cubic parameters are readily guessed from quadratic force constants if the POS model 15, S] is invoked for bends and the KBFF model [9, 181 for most of the remainder. Meanwhile, the present illustrative calculations offer an indication of magnitudes involved.
The kinematic treatment of cu-bilinear effects for bending motions by Gershikov et al. [29] is supposed to interrelate, approximately, the ru and r'g parameters for the bonds of linear ABI and planar AB3 molecules, despite its neglect of potential energy considerations_ Now, bending in linear ABI and out-of-plane bending in ABB contribute nothing, in first approximation, to 2(BB) either by nonlinear transformation or by pure bend cubic constants (zero by symmetry in these special cases). In-plane bends of AB3 do, of course, contribute to C(BB) but are not addressed by the kinematic treatment [29] . Because an extension of this treatment to more general cases could not account for the major part of the skew parameters so far observed, the kinematic treatment cannot be considered an alternative approach to the present problem.
Effects of the skewing of geminal nonbond distributions, if not taken into account, may distort least squares refinements by over 0.01 .S for hot, fairly rigid molecules [l] and up to 0.1 A for certain pseudorotating molecules [30] , by virtue of large bending amplitudes. Not only may the internuclear distances be influenced by neglect of asymmetry. Even amplitudes of vibration of neighboring peaks have been found, in practice, to be altered. In the case of hot A& and AX6 molecules, temperatures inferred from AX and XX mean-square amplitudes failed to agree wit.h each other until suitable 6 values were adopted [31] . Rational analyses extracting the full information implicit in diffraction intensities require appropriate asymmetry parameters.
